Flavonoicl synthesis is, in many plants, either promloted by light or (lepen(lent upoIn light (3). The nature of this light re(quirement appears to vary de-pending UpOnl the conmpounds ancl plant miiaterials being studiedl ( 15, 17, 19, 21, 23 ) , and little is known regalrding the relationship between photoinduced sy-nthesis of these compounds and photoincluced growth an(l (levelopmlenit. In etiolated pea plumules, low intensity red light stimulates both leaf growth (20, 25) ancl the procluction of an in(lole-3-acetic atcid oxidcase inhibitor (13). This inhibitor has quite recently been found to contain kaeempferol-3-triglucoside (KG) and kaemplpferol-3-(triglucosv-l-p-coumarate) (KGC) (9,10,18). 
meter had been previously calibrated for the wavelenth band emitted by each light source by means of an Eppley thermopile (1) . The dose of red light was altered by changing the period of illumination (from 7 seconds to 2 minutes), or the distance from the source to the plants (15 to 40 cm) .
The following quantitative method was developed for determination of the levels of KGC and KG in a tissue. Tissue (300-500 mg fr wt) was harvested, weighed, and placed in 10 ml of methanol in the dark room. Extraction was carried out by refluxing the tissue 3 times for 15 minutes each with 10, 5, and 5 ml of methanol in a flask held at 800 in a waterbath. The successive extracts were combined and then evaporated to dryness under reduced pressure at 400. The residue was redissolved in 1 ml of distilled water, and 40 to 80 ,A samples of this solution were applied by micro-pipette to disks (5 mm in diameter) of Whatman No. 1 paper. One such paper disk was inserted through 2 parallel slits 1.5 mm apart on the starting line of each chromatogram (Whatman No. 1 filter paper) to provide original spots of constant diameter. Two-dimensional development of the chromatograms was carried out by the descending method at about 240, the first solvent being n-butanol: acetic acid: water (4: 1: 2.2 by volume) for 12 hours without presaturation of the tank, and the second 5 % aqueous acetic acid for 3 hours.
The average RF values (± standard errors) of KGC and KG were 0.47 ± 0.02 and 0.42 ± 0.02 in the first solvent, and 0.45 ± 0.01 and 0.59 ± 0.03 in the second, respectively. Spots were detected on the chromatograms by exposure to ultraviolet light and these were cut from the paper as disks of uniform area (6 cm in diameter for KGC, and 5 cm for KG). KGC and KG were eluted from the disks by shaking for 3 hours in 2 ml of 50 % aqueous methanol. The absorbance of the eluates was determined at 267.5 m,u for KGC and at 266 m,i for KG. The percentage recovery of these 2 compounds using this method was determined by applying various known amounts of purified materials to chromatograms (fig 2) . The average recovery of KGC from the paper was 69.8 % and that of KG 65.2 %. This percentage recovery was not increased by continued elution for periods of up to 2 days. The experiments described were designed, on the basis of preliminary experience, such that the expected range of concentrations of KGC and KG fell within the limits tested ( fig 2) . The absorbance observed was transformed to concentrations by using the molecular extinction coefficient of 2.57 X 104 at 267.5 m,u for KGC and that of 2.09 X 104 for KG at 266 mju (9) .
Besides harvesting up to 100 plumules in each treatment group for estimation of their KGC and KG content, in many experiments parallel studies of leaf and stem growth were made on plumules collected from the same containers. Measurements of young plumular leaves and internodes were made using a stereoscopic dissecting microscope. Between SO and very much lower in S1. The total kaempferol concentration was highest in the plumule (about 3 to 4 ,umoles/g fr wt) and in this region the ester form, KGC, was found to be at a slightly higher concentration than KG.
Another test showed that irradiation with low intensity red light did not alter the distribution pattern of these flavonoid complexes (qualitatively, although hligh intensity white light is known to change the overall flavonoid content by promoting the production of quercetin derivatives (10).
The finding that KGC occurred at detectable levels in only the plumule led to the use of this region exclusively in all further studies. Plumules were excised with a scalpel imiimedliately below the fourth node in all cases, and great care was exercised to ensure that no steni tissues below this node were included in the samples.
Synthesis Having shown that plumule growth and KGC concentration are both increased by low intensity red light, 3 experiments were set up in an attempt to determine the relationship between them. These were designed to ascertain the time and rate at which the changes occur, and, in addition, whether they are permanent or short-lived. In each experiment, 6-day-old totally etiolated seedlings were exposed to Total energy levels of irra(liation ranging from 0.3 to 1200 kiloergs CmI -2 were provi(led by exposing seedllings to 3 dlifferent light intensities, i.e. 14, 33. complexes is shown in table V. As found previously, red light stimulated growth and induced an increase in KGC concentration whereas the effect on KG concentration was relatively slight. Far-red light alone had no apparent influence on growth or the concentration of either kaempferol complex, but 2 minutes of far-red light completely reversed the effect of red light on growth and KGC concentration. Thirty secon(ls of far-red light proved sufficient to bring about only approximately 50 % reversal of the effect of red light. It is apparent that both KGC synthesis and plumule growth are affectecl by a phytochronme mediated reaction.
Discussion
Phytochrome has been extracted and purifiecd from totally etiolated Alaska pea seedlings (4). When tissues of such plants are irradiated with red or far-red light, phytochrome is immediately converted from a red light absorbing form (P1t) to a far-red absorbing one (PFR) and vice versa (6) . The present results show clearly that recl light stimulates both leaf growth and KGC biosynthesis, but there is a lag of about 4 hours between irradiation and detectable response. It is thus probable that an increase in the level of PFR does not affect KGC synthesis and growth dlirectly, and it seems more likely that PFIt affects intermedliary reactions whlich in turn control these stimulated processes.
Long lag periods between stimulation and response in relation to red/far-red light irradiation are common. The length of lag periods has been variously reported to range from about 30 minutes to several hours (5, 7, 14, 15, 16 (23) suggested that 2 different radiation-limited steps were involved in anthocyanin synthesis in apple skin, and Hendricks (12) further reported that anthocyanin synthesis in seedlings of Sorghum vulgare requires 2 photoreactions. These are an initial reaction in response to high energy irradiation, and a second reaction involving low intensity red irradiation which is reversible by far-red. In etiolated peas, however, a brief exposure to low intensity red irradiation is sufficient to increase the concentration of KGC. The apparent lack of effect on KG concentration is intriguing, but interpretation of this difference must await further studies of the biosynthetic pathways of the 2 compounds. It is of interest that the synthesis of quercetin apparently does require high intensity light in peas. Quercetin has never been detected in etiolated seedlings but it is known to be the major flavonoid in the leaves of pea plants grown under high intensity white light (9) . Exposure of etiolated seedlings to low intensity red or far-red light does not lead to quercetin synthesis. The obvious conclusion, that quercetin biosynthesis in pea leaves requires high intensity light, is contrary to the finding (24) that light was not essential for the synthesis of quercetin from acetate in buckwheat seedlings. It is not surprising, though, that different factors should be limiting flavonoid synthesis in different plants, especially when the differences between flavonoid patterns in different tissues of the same plant (9) are borne in mind.
Summary
Etiolated pea seedlings contain the flavonoid complexes kaempferol-3-triglucoside (KG) and kaempferol-3-(triglucosyl-p-coumarate) ( 
